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Pro jec t  E 0 L E 

EVALUATION OF THE PROBABILITIES OF COLLISION BETWEEN BALLOONS AND AIRPLANES 

-Fina l  R e l o r t -  - - - -  -- 

Note 8.190 KC/CB, t i t l e d :  "Final  r e p o r t  of phase I", had presented:  

- analyses  of t h e  problem, 

- e l a b o r a t i o n  of t h e  mathematical model, 

- study of t h e  t r a f f i c  i n  t h e  southern  hemisphere, 

- s t a t i s t i c a l  d a t a  on a i rp l anes  and b a l l o o n s ,  

- e l a b o r a t i o n  of a methodive c a l c u l a t i o n .  

Th i s  r e p o r t  has r ece ived  t h e  approval of i n t e r e s t e d  persons ,  i n  p a r t i c u l a r ,  a t  t h e  

Secretariat  General and t h e  Civi l  Aviat ion.  

Phase I1 of t h e  s tudy  has  then  been completed. 

Th i s  r e p o r t  p re sen t s  t h e  r e s u l t s  of i t .  

I. PROGRAMMING ON 360 ORDINATOR 

The c a l c u l a t i o n  program has been completed i n  accordance wi th  t h e  s t r u c t u r e  

i n d i c a t e d  on page 18 and 19 of t h e  end of phase I .  

One w i l l  f i n d ,  a t t a c h e d ,  a reproduct ion  of t h e  i s sued  l i s t  of execut ion  

of t h e  program on t h e  3 6 0 / 6 5  of C.N.E.S.  
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Attachment I: l i s t  of i n s t r u c t i o n s  of t h e  c a l c u l a t i o n  program 

Attachment 11: l i s t  of d a t a  ca rds .  

- types of a i r p l a n e s  

- c r i t i c a l  f r o n t a l  areas,  

- f l i g h t  p r o f i l e s ,  

- t a b l e  B: c h a r a c t e r i s t i c s  of s t a g e s  

- t a b l e  A: number of f l i g h t  p e r  s t a g e .  

Attachment 111: r e s u l t s  f o r  a given d i s t r i b u t i o n  of ba l loons .  

I1 - PARAMETERS 

The p r o b a b i l i t i e s  and t h e  corresponding r i s k s  have been c a l c u l a t e d  as a 

func t ion  of 2 parameters:  

- t h e  d i s t r i b u t i o n  of t h e  ba l loons ,  

- t h e  c r i t i ca l  f r o n t a l  a r e a .  

I n  t h e  hypoths is  of a sending of 500 b a l l o o n s ,  i t  has  been considered t h a t  

one would have a t  t h e  maximum 100 ba l loons  s imultaneously i n  t h e  space EA. 

These ba l loons  w i l l  b e  a t  200 mb * (FL = 380) o r  a t  300 mb (FL = 300) o r  

uniformly d i s t r i b u t e d  between t h e s e  two levels.  

t i o n s :  (next  page) 

From whence t h e  t h r e e  d i s t r i b u -  
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I. 

0 0 0 0 

Three c r i t i c a l  f r o n t a l  areas are considered: 

AF1 = Airplane + B a l l o o n  + Nacel le  

AF2 = Airplane + Nacelle 

AF3 = F r o n t a l  Glass Casing +Nacelle 

111. RESULTS 

[ E l  T = Number of hours  of f l i g h t  i n  EA i n  March 1966: 5,062 hours 

p = P r o b a b i l i t i e s  of having a t  l e a s t  one c o l l i s i o n  i n  a month of t h e  year  

considered 

r = r i s k  f o r  100,000 hours  of f l i g h t .  
(next  page) 
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_ -  - . 
A F 1  A F 2  

P r P r 

R1 

300 mb 0,00052 0,010 9,00027 0,0053 

R 2  0,0022 0,043 0,0011 0,022 

R3 0,0028 0,055 0,0015 0,029 

- 

200 mb 
* i 

A F 3  

P r 

0,000014 0,00027 

O,OOO057 0,001 1 

0,000073 0,0014 

119681 T = 10,985 hours i n  March 1968 

The number of hours of f l i g h t  has doubled between 1966 and 1968: t h i s  i s  

p r i n c i p a l l y  due t o  t h e  i n t r o d u c t i o n  of t h e  B727 and DC9 on t h e  i n t e r i o r  A u s t r a i l i a n  

l i n e s .  

IV. ANALYSIS OF THE RESULTS 

Before  any a n a l y s i s ,  i t  i s  necessary t o  remember t h a t  t h e  s tudy i s  a s t a t i s t i ca l  

s tudy  and as such, t h e  r e s u l t s  do not  have an  abso lu te  c h a r a c t e r .  

good p a r t  a func t ion  of t h e  hypothses s e t  f o r t h  i n  t h e  s i g n i f i c a n t  f i g u r e s  a r e  only 

g iven  because  they  were available; only t h e  order  of magnitude have a s i g n i f i c a n c e .  

They are  f o r  a 
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-4 doesn't exclude a collision on Finally a probability of collision of 10 , 
the first day of operation, from which arose a ncmessity of making balloons pre- 

senting the minimum risk in case of collision. Its politics which adopted the 

C .N .E .S . 
This standing, one oan offer the following remarks. One remembers the risk 

of accidents for 100,000 hours of flight in 1966: 

- in the world: 0.27 

- in Australia: 0.69 

Influence of the distribution of the balloons . . . . . . . . . . . . . . . . . . . . . . .  

In 1966, the distribution R 3  presented less risk than in 1968: this holds 

to the fact pointed out above: introduction of jet airplanes on the interior 

Austrailian lines. 

But, beginning with 1968, this fact will remain: the distribution of the 

balloons at 200 mb presents less risk than that at 300 mb. 

Influence of the frontal area considered . . . . . . . . . . . . . . . . . . . .  

If a collision between all of an airplane with all of a balloon--nacelle 

assembly has a rather strong probability: 0.0037 in one month (at 200 mb), the 

probability of collision of a nacelle with the glass casing of an airplane is on 

the order of IO4* which makes a risk for 100,000 h of flights on the order of 

0.001 in comparfson with the risks of referrences already cited. 

This is due to the fact that an airplane such as the DC8 has a wing span of 

44m for a fuselage diameter of 4m, while the glass casing only represents, in 

frontal projection, a surface of 85.6 dm . 2 
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In f luence  of non-regular fli&hLs-(Charters) - - - - - - - - - - - - - -  

This  problem had remained i n  suspense. It has  been taken  up on t h e  r eques t  

It has been reso lved  thanks t o  t h e  a c t i v e  coopera t ion  of t h e  Oper- of t h e  SGAC. 

a t i o n s  d i v i s i o n  of t h e  UTA. 

I t  r e s u l t s  from t h e  s t u d i e s  t h a t  t h e r e  were i n  1966: 147 non-regular j e t  

f l i g h t s  e n t e r i n g  or  leav ing  A u s t r a i l i a  ( t h e r e  were 142 i n  1967).  

It s u f f i c e s  t o  say t h a t  t h e  Quantas Company has  assured  i t s e l f  a lone ,  i n  1966, 

more than  5,000 r e g u l a r  f l i g h t s  t o  conclude t h a t  t h e  in f luence  of non-regular 

f l i g h t s  i s  n e g l i g i b l e  on t h e  r e s u l t s  of our e s t ima t ions .  

I n f l u e n c e  of t h e  year  - - - - - - - - - - -  
It has a l r eady  been seen t h a t  t h e  r e s u l t s  are a func t ion  of t h e  t r a f f i c  s t r u c t u r e  

and t h a t  from 1966 t o  1968, i f  t h e  r i s k  f o r  100,000 h of f l i g h t s  h a s n ' t  

no t i ceab ly  developed, t h e  p r o b a b i l i t y  of c o l l i s i o n  has  followed t h e  doubl ing 

of t h e  number of f l i g h t  hours .  

But t h e  zone considered i n  t h c  study has  experienced a measure development 

of a i r  t r a f f i c .  

Between 1965 and 1970: T ranspac i f i c :  volume X by 6 

Far E a s t I A u s t r a i l i a :  volume X by 3 

P a c i f i c  I s l a n d s :  volume X by 5 

(Referrence:  t h e  IATA i n  t h e  year  1970. Page 29) .  

When t h e  Eole  experiment t akes  p lace  i n  December 1970, one w i l l  b e  a b l e  t o  

expect  a t r a f f i c  double t h a t  of 1968, but  w i th  t h e  same t r a f f i c  s t r u c t u r e .  

( t h e  super  t r a n s p o r t s  such as t h e  B 747 w i l l  e n t e r  s e r v i c e  i n  1971). 

From whfch ar ises  a r i s k  f o r  100,000 h of f l i g h t  which w i l l  remain on t h e  order  
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of 0.001, and a c o l l i s i o n  p r o b a b i l i t y  i n  one month on t h e  o rde r  of 0.0003 ( c o l l i s i o n :  

n a c e l l e - - l a s t  cover ing) .  

In f luence  of t h e  geog&pkiLLoGe - - - - - - - - - -  

The present  s tudy was l i m i t e d  t o  the EA area (from Djaka r t a  t o  Honolulu and 

covers A u s t r a i l i a ,  New Zealand).  

I t  doesn ' t  s e e m  use fu l  (a l though the re  are only f l i g h t  s t a t i s t i c s  by s t age )  

t o  re-do t h e  same c a l c u l a t i o n s  f o r  o ther  zones such as: South America and South 

A f r i c a  where t h e  dens i ty  of j e t  t r a f f i c  i s  much less than  i n  EA.  


